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DISCUSSION ON LOCOMOTIVE 
CYLINDERS A N D  VALVES. 
Paper No. 81. 
Mr. J .  W. Kidd: Mr. Chairman and gentlemen, I feel 
that  some apology is due to you for my appearing to-night 
to introduce this discussion. The subject of the discussion 
was suggested by our Chairman, and certain members of 
the Committee were delegated to arrange for someone to 
introduce the matter. I have had very little time to go into 
the matter, but I hope you will be patient and I will d o  the 
best I can. 
Since 1895, when Schmidt first introduccd his super- 
heater t o  the locomoti\.c, many modifications have taken 
place, and the apparatus to-day is very much simpler in its 
details than when so largely introduced on the Prussian 
State Railways, and it has always appeared to me that much 
o f  this simplification has becn due to  the genius of our own 
locomotive engineers. 
On the Continent a locomotive alna?s appears to be a 
very complicated piece of mechanism, but in England sim- 
plicity always gives dignity to  the design. 
To-night we are asked to discuss questions relating to  the 
design of cylinders and va1vt.s as applied to superheater 
locomotives. 
In regard to these we may ask :- 
I .  Wha t  form of cylinder piston will give the best 
2. Are tail-rods an advantage or a disadvantage? 
results ? 
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3. As we are working with fairly big diameters of 
cylinders, must we make any special provision in 
the way of relief valves to  prevent undue pres- 
sure owing to the presence say of water, or make 
special pro\,ision for the admission of air to the 
cylinders while drifting? 
4. Wha t  form of packing is the best for valve spindles 
and piston rods? 
5. Shall we have slide valves or piston valves? 
With regard to  No. I ,  “ W h a t  form of cylinder piston 
will give the best results?” So tar a s  my own experience 
has gone, very little modification has taken place in this 
country in the Ramsbottom piston. I think it has been 
found necessary to  strengthen the rings and to make special 
provision for drilling them for lubrication and for balancing 
the pressure on both sides of the ring. 
No. 2, “Are tail rods an advantage or a disadvantage?” 
In the early days of superheating I think wc were alwa!s 
told by the Germans that tail rods were an absolute neces- 
sity> and I believe in this country it has been the common 
practice to  have tail rods. I think the tendency now is in the 
other direction. 
No. 3. I think that on new work it is the most invariable 
custom now to fit piston valves on superheated engines. In 
the early days locomotive superintendents experimented with 
slide l a k e s  with a fair degree of success, but I believe I am 
right in saying that to-day very few new locomotives are 
fitted for superheating without piston valves and the piston 
x alve induces considerable difficulty in rrgard to getting rid 
of excess pressure in the cylinder and in getting rid of 
water. 
No. 4, “ What  form of packing is the best for valve 
spindles and piston rods?” W e  used to be told that metallic 
packing was the only thing that would work on a super- 
heated locomotive. I believe to day it is found that it is not 
absolutely essential, neither is metallic packing altogether 
necessary. In fact I believe that many locomotives are run 
in this country with a form of cast iron packing. 
No. 5 ,  “ Shall we have slide valxcs or piston valves?” 
rha t  I h a w  partly touched upon in connection with S o .  3 ,  
and we shall hear more of it, no doubt, in the discussion. 
The Chairman: Gentlemen, we are very much obliged 
to Mr. Kidd tor the clear way i n  nhich h r  has put one or 
two salient points before us  with regard to superheated loco- 
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motives, particularly with reference to the cylinders and 
valves. The diagrams he has shown are familiar to some of 
you, but there is plenty of room for discussion as to the 
merits or otherwise of those devices. Before making any 
comment on the various points raised by Mr. Kidd, I would 
remind you that the subject starts with the design of loco- 
motive cylinders and valves. Mr. Kidd has confined himself 
principally to valves. 
With regard to cyiinders, there are one or two points 
in which superheated cylinders a re  bound to differ in design 
from saturated cylinders. Owing to the very high tempera- 
tures it is necessary that the steam chest walls should be 
separate from the walls of the cylinders. There is a very 
great variation in the temperatures of superheated steam on 
the one side and of the exhaust steam on the other. If a 
common wall is used between the two the result is that the 
cylinders are liable to fracture. 
Another point which is not generally touched upon with 
regard to  cylinders, and which must he borne in mind, is 
the eifcct of highly superheated steam on cast iron. Up 
t o  now high temperatures have been common in this country 
and abroad. A s  I think I told you some time ago, I quite 
anticipate that much higher temperatures will be used in the 
future, and the question then arises a s  to whether the 
ordinary form of cast iron will not tend to disintegrate. 
W e  are getting somewhere near the critical temperature 
now, and in addition to the design of cylinders the composi- 
tion of the metal from which they are made will have to  be 
the subject of further investigation. Engines have been 
running successfully for some time now with temperatures 
of over 800 degrees, and so fa r  no  ill effects have been 
obserx-ed on cylinders, hut  I think that i f  we go on increas- 
i n g  temperatures still further we are stirring up trouble. 
Of course it is very cifective having steam of 800 degrees 
or over. 'The economy resulting from superheat-ing is 
certainly increased. 
Another point Mr. Kidd mentioned was with regard to 
glands. I have had no experience with those cast iron 
packing rings, and it would be very interesting to a good 
many of us  here to know what results have been obtained. 
I was very much struck with one point, and that was with 
regard to  simplification, and when you come to  review what 
has been done there has been a great deal of simplification. 
Twelve years ago  it was considered a sine qua non  that you 
mu:it have dampers, and some people objected to  dampers 
because they got out of order, and so devices such a s  jets 
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of steam playing down each of the flue tubes were introduced 
by Mr. Robinson, but I think the simplest way of doing 
away with the damper is to put the snifting valve on the 
saturated side of the header. Engines fitted in that way 
have been running for ten years and the same elements a re  
still in  use. In other words the cnds are not burnt away. 
I have heard of some railways where the elements did not 
last more than four or five years. My own experience is 
that with the snifting valve put on that side of the header, 
and air is drawn in directly steam is shut off, it tends to keep 
the elements from overheating, and by the time it gets to the 
cylinder is fairly hot. That has the double advmtage of 
preventing undue variations in temperature in the cylinders. 
If the snifting valve is put on the steam chest direct, cold 
air is drawn into the chest, which results in cooling the 
liners, and many cases of faulty liners are caused by cold 
air being suddenly draxvn in. By putting the valve on the 
top of the saturated side as I say, the air is warmed, and 
the cylinder is not subjected to  variations in temperature. 
The dampers are done away with altogether, and there is  
no need to have steam jets t o  prevent the elements from 
overheating. 
hlr. Kidd also referred t o  tail rods. I think they are a 
great disadvantage myself. They cause more bother a t  a 
running shed than the piston gland or the valve spindle 
gland, and they wear very badly. I believe it is much better 
t o  continue the cast iron piston head and do  away with the 
tail rod. I d o  not know what the effect of that would be 
on very large cylinders. I rather think that some form of 
tail rod with a slipper like the Americans have is the only 
solution for keeping the piston off the bottom of the cylinder. 
With regard t o  point No. 5 ,  I think undoubtedly that  
all new engines should be fitted with piston valves, but I 
have had satisfactory results with slide valves, and we have 
on the Great Northern Railway no  less than 76 superheated 
engines running with slide valves of the balance type. The  
wear and tear on the valves is not appreciably more than 
with saturated steam, probably because of the better means 
of lubrication. At first it was thought necessary t o  intro- 
duce the lubricant under the face of the valve, which meant 
drilling the ports, a rather expensive arrangement, but 
apparently sufficient lubrication can be carried by the steam 
to  the valve faces and also t o  the strips a t  the back of t he  
valve without the necessity of going to  the trouble of drilling 
the ports. I should mention that all these engines are fitted 
with balance valves and not the ordinary D valve. T h e  
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pressure and high temperature causes the latter to wear most 
excessitrely. 
We 
have bcen shown the piston valve introduced by Mr. Robin- 
son, and it is very much the same in principle a s  the Schmidt 
piston valve, the characteristic feature being that the piston 
riiig itself is one broad split ring, and not a narrow ring. 
On the Canadian Pacific Railway a form of piston valve has 
been introduced with a very narromw ring, that is, a short 
cylinder which acts as a distance piece between the two  
split rings. The advantage is that the valve is 'very much 
cheaper, and also having much less area in contact with the 
liner there is less friction in the valve itself, and it is easier 
to move. When a valve is fitted with the cylinders in the 
ordinary way it does not require much effort to push the 
\;alve backward and forward by hand. I believe that if we 
get a suitable metal for the split ring we might run piston 
valvcs having- split rings only hiti. broad. 
Great improvements have been made in piston rings in 
recent years, particularly for aeroplane engines working a t  
very high temperatures, much higher than the temperatures 
in superheated locomotives, and I think that some of the 
material which is used for this class of piston rings might 
be tried for superheated locomotives. I t  has much more 
spring than cast iron, and I believe its wearing qualities a r e  
superior. 
I think we shall  have a good discussion upon the points 
raised by Mr. Kidd, and it will not be necessary for us  t o  go 
to the other itcms on the agenda, which in themselves are 
interesting, but which might form the subject of a discussion 
at another meeting. 
Mr. H .  Kelway-Barnber : Mr. Chairman and gentlemen, 
th i s  is not a subject on which I feel I am in  a position to join 
in the discussion, but I would like to  point out the value to 
this Institution of the statements o'f well-considered and  
practical experience of an engineer like Mr. Gresley, who 
gives us information which would be considered of extra- 
ordinary importance to the consulting engineer, and that 
information given to the world broadcast through the 
medium of our journal. I really think the discussions of 
this kind, entering as they d o  into the details of practical 
work, and giving such experiences a s  Mr. Gresley has given, 
cannot fail to be of the utmost benefit to the Institution and  
to engineers in general. 
With regard to piston valves, there is one point. 
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Major J .  D.  R. Phillips (Boyne Engine Works ,  Leeds): 
I cannot say much t o  assist in the discussion. Unfortunately 
I have had n o  experience whatever in superheated engines. 
Wi th  regard to the Chairman’s remarks respecting 
piston rings, I quite agree with what was said-that the 
form of ring suggested, if made of suitable material, would 
be bound to be of great advantage over the present broad 
rings. The  material that  the piston rings are made from ior 
use in aeroplane engines is the finest I have exer seen. I do  
not know if it is possible, but I feel confident that  if rings 
could be used of that quality it would be found of immense 
advantage. 
Mr. G .  A. Musgrave (G.N.K., Colwick) : My experience 
with superheaters has not been as large as that of a good 
many here, but in the shops we have alnays found less 
carbonisation with piston valves, and that \\as eliminated a 
grea t  deal when we ceased t o  use the mechanical lubricator. 
W i t h  the mechanical lubricator we found it necessary to 
examine and clean the valbes every six xbeeks. Wi th  a 
Detroit they run two months or longer, and there is not 
nearly the amount of carbonisation as with the piston valves 
using the mechanical lubricator. 
Wi th  regard to Mr. Kidd’s remarks on the valves, I 
am rather inclined t o  think that Mr. Robinson’s piston balve 
with the release valve is Lery little in use. I think there is 
a possibility of the release valbe getting out of order and not 
working. 
Mr. A.  Hird (Hunslet Engine Co., Leeds): I have no  
experience of the running of superheated engines, and that 
is where n e  manufacturers are in a difficultj in regard to 
these discussions, and usually customers do not take much 
trouble t o  keep one posted unless something goes wrong. 
One can assume, if one hears nothing, that the engines are 
doing Iery well. 
The weakness of the tail rod is that it has so little 
bearing surface for the weight it has to  carry, and the area 
of the bush of the tail rod is so small that  it speedily wears 
out of line. The slipper arrangement gixes a possible adjust- 
ment. I t  is not the custom, however, in this countrq to fit 
slippers to tail rods, but it would be of great assistance, and 
I think, in view of the suggestion that higher temperatures 
may be used, it will be more necessary to provide a good 
supporting surface on the tail rod to prevent the bearing of 
I t  is far and away superior to cast iron. 
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t he  cylinder from wearing, because as the cast iron gets to 
the higher temperatures it may be very ready to disintegrate. 
Wi th  regard to Mr. Robinson's balanced lalves and 
release valvcs, we make them and fit them, but we have had 
no experience as yet as to whether they a re  going well. 
Mr. H .  W. Mitchinson (E. & W.Y.U.R., Wakefield): 
A question was raised by Mr. Kidd in regard to cast iron 
packing. On the North Staffordshire Railway they got verj 
good results with cast iron packing. I have dealt with 
metallic packing and I find this is much better and lasts 
much longer. 
Wi th  regard to tail rods, I should like to  know if there is 
anything against the usc of steel or iron rods. 
Mr. Broscombe: I am in charge of a large number of 
engines on a railway, and have a good deal of experience, 
and I may say superheating is the cause of the worst trouble 
we have in an engine shed, although I am not condemning 
it W e  hake engines that are perfect, in my opinion, and 
we hake others that are hopeless. Personally I think that 
whether these engines are successful or not depends upon 
the  engineman. 
Wi th  regard to packing, in those engines that are 
successful the metallic packing is successful, but the un- 
successful engines are alwaq s carbonising, and the pack- 
ing is then not so satisfactory. 
We have eccentric 
piston rings, but I am not in favour of them. The sliding 
side of the piston ring falls to the bottom of the cylinder, 
and the piston head wears Ie ry  rapidly, and causes the rings 
to break quickly. 
With regard to decarbonisation, we have an oxygen 
and coal gas  sqstem of decarbonising, but it does not harm 
the cylinders, although it burns the carbon clean ~ f f .  With 
engines where the drivers take care to alwaq5 keep steam on 
we never have any carbonisation. 
Major Phillips: The first thing I made a note of was 
in regard to release valves fitted to piston vahes .  I fee' 
confident they urould be nothing but a source of trouble. 
They would be certain to carbonise or they would leak just 
sufficiently t o  cause trouble without doing. exactly n h a t  the? 
are required to do. 
I have alwaJ5 felt tail rods habe been most unfairlj 
treated. Wi th  a good metallic- packing I think they uTould 
I have not much faith in the tail rod. 
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give the results we require. I think the use 01 steel pistons 
would be better than cast iron, which would work on the 
bottom of the cylinder. 
Mr. Ellis: With regard to the securing of the piston 
rings and drilling holes. Can anyone tell me whether there 
is any virtue in those two things? 
Mr. C. W. McArd (The Hunslet Engine Co.): You 
refer to the temperature ot the superheated steam. I should 
like to  mention that some years ago I remember seeing a 
motor car designed by the superintendent of the I.S.R. to 
work a t  1,200 degrees. I t  worked very well for two or three 
months, and then gave out for lack of lubrication. The  
cylinders and pipes were red hot. 
Regarding tail rods, that is a question of matcrial. 
When you put a piston weighing over a hundredweight on 
the end of a piston rod a t  high temperature, and it has n o  
tail rod to support it, the metallic packing is floating a t  the 
back end, and there is bound to be a bending action on the 
rod itself. With a tail rod and proper bearings the tail rod 
should surely take some of the load. 
Mr. Kidd: One speaker mentioned the difficulty of 
packing a tail rod, but why have packing at all? Why not 
enclose the tail rod in a tube and do  away with the packing? 
I should like to know if anyone has experience of that. 
The Chairman: As to Mr. Kidd's suggestion of having 
a tail rod wiihout any gland at all. The difficulty of that is 
lubrication, and you have got to have some form of forced 
lubrication. 
A vote of thanks to Mr. Kidd was proposed by The 
Chairman, seconded by Mr. Hird, and carried unanimously. 
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